Objective: Psychiatric comorbidities are common among psychiatric patients and typically associated with poorer clinical prognoses. Subjects of a large Danish birth cohort were used to study the relation between mortality and co-occurring psychiatric diagnoses.
Clinical Implications
• Psychiatric comorbidity had a marked effect on early mortality in a large hospitalized sample for some, but not all, psychiatric illnesses.
• Psychiatric comorbidity did not influence early mortality among patients diagnosed with schizophrenia, substance use disorder, and mood disorders.
• Psychiatric comorbidity did increase early mortality among patients diagnosed with anxiety, personality, and other disorders.
Limitations
• Psychiatric diagnoses of hospitalized patients may not capture the extent of comorbidity revealed by structured assessments.
• The study cohort reflects a slightly lower socioeconomic level than the larger Copenhagen area.
P eople with psychiatric illness are known to be at a greater risk for premature death than those in the general, nonpsychiatric population. [1] [2] [3] [4] [5] [6] Life expectancy estimates may be reduced by as much as 20 years, depending on the primary psychiatric illness. 7 Patients treated in a psychiatric inpatient unit are especially vulnerable to this effect, showing 2 to 3 times the rate of early mortality, compared with nonpsychiatric groups. 2, [7] [8] [9] Overall, standard mortality rates (SMRs) for psychiatric patients range from 1.7 to 3.0, indicating that premature death is 2 to 3 times more likely among psychiatric patients. 2, 8 These rates appear to be stable across different cultures and countries. 1, 2, 10 Mortality rates reported in the past for psychiatric patients depend on numerous factors that include the administrative status of inpatients and outpatients, and the length of follow-up after discharge from treatment. [8] [9] [10] [11] Most prominently, the risk for early mortality among psychiatric inpatients is known to vary according to the age of the group studied and the type of psychiatric illness. Chronic and severe psychiatric illnesses, such as schizophrenia, alcoholism, and drug addiction, have consistently been associated with the higher early mortality rates. 12, 13 The availability of more effective pharmacological interventions, such as antipsychotics for patients with schizophrenia and antidepressants to treat depression, have been associated with a slight reduction of early mortality, but these rates remain high.
Chwastiak et al 12 have suggested that the increased risk of early mortality among psychiatric populations may be attributed to an increased level of comorbid nonpsychiatric medical conditions found among patients hospitalized on inpatient psychiatric units. Several studies have examined the relation between medical comorbidities in patients with a psychiatric diagnosis and the rate of early mortality. Psychiatric patients with multiple medical comorbid conditions were found to be at higher risk of early mortality than those without co-occurring medical conditions. 14 These results reflect the Berkson Paradox or bias toward admissions and diagnosis of psychiatric illness preferentially in psychiatric patients with medical illness. Martin et al 1 also observed that patient referrals to psychiatric outpatient clinics are often initiated by a comorbid medical condition, and that this relation was associated with an early mortality.
Very little is known about the effect of psychiatric comorbidity on early mortality among patients with a psychiatric diagnosis, even though it is widely accepted that increasing numbers of co-occurring psychiatric syndromes are associated with poorer mental health outcomes. Previous studies have typically focused on the death rates of patients with a particular psychiatric diagnosis, compared with nonpsychiatric contrast groups. Less frequently, studies have compared the early mortality of patients with 2 different psychiatric illnesses in head-to-head examinations. We know of no other study examining the comparative mortality of a large group of people with psychiatric illness, where the full range of psychiatric diagnoses is available during a period of decades. In this investigation, we were fortunate to have access to information during 45 years on people who were part of a large birth cohort, born within 3 years of each other, and raised in the culturally and ethnically homogenous community of Copenhagen, Denmark. Moreover, because universal health care in Denmark extends back to the early 1900s, 15 most people in Denmark who require psychiatric residential care receive this care in a government-operated facility, where the standards of diagnosis made by physicians were relatively uniform. Denmark has developed and maintained a computerized national register of patients' psychiatric diagnoses since April 1, 1969, 16 when the subjects of this birth cohort were aged about 9 years. The similarity of age, ethnic, and cultural influences as well as the standards used to characterize psychiatric illness in this large sample of hospitalized people with mental illness permits us to determine whether the number of different comorbid psychiatric diagnoses assigned to patients was predictive of premature death in men and women. The relatively large sample size of this cohort permitted a systematic examination of how certain diagnoses, independent of, and in combination with, other psychiatric diagnoses, were differentially associated with a higher likelihood of dying prematurely, both for men and for women, who are very similar in other respects.
Method
Our study was approved by the Danish Ethical Research Committee, the Danish Data Protection Agency, and the Human Subjects Institutional Review Board at the University of Kansas Medical Center.
Danish Birth Cohort
Our study sample consisted of male and female subjects obtained from a large Danish birth cohort of 9125 consecutive deliveries (of 20 or more weeks' gestation) from 1959 through 1961. 17, 18 All births took place in the maternity ward of the State University Hospital (Rigshospitalet) in Copenhagen. The sample population contains an overrepresentation of mothers from a slightly lower social class and a predominantly urban environment. 19 Among the original 9125 babies enrolled in the cohort, 728 died in the first year and were excluded from follow-up. Another 288 subjects did not have personal identification numbers, and therefore could not be linked to the Danish Central Psychiatric Research Register or to other Danish archival sources. These subjects are presumed to have died or emigrated from Denmark as children before the centralized Civil Registry System was created in 1968. There were 8109 remaining subjects eligible for participation; among these, 50.7% were male and 49.3% were female.
Psychiatric Outcomes
In 2007, when the 8109 eligible subjects were aged 46 to 48 years, we obtained their psychiatric outcomes by means of record linkage to the Danish Psychiatric Central Research Register. This search includes all diagnoses electronically recorded for all admissions to a psychiatric hospital unit, regardless of their temporal order. During the period surveyed, hospital psychiatric diagnoses in Denmark were based on the International Classification of Diseases (ICD), Eighth Revision, until 1994, when the ICD-10 system was adopted (Denmark never formally adopted the ICD-9). To standardize study procedures, all ICD-8 diagnoses were converted to ICD-10 diagnoses according to a crosswalk (an electronic database for cross-referencing codes) published by the World Health Organization. Only the ICD-10 F codes (and one Z code) that are used to classify Mental and Behavioural Disorders were included in this study. The ICD-10 codes were organized in 14 mutually exclusive summary diagnostic families ( Table 1 ). The total number of different diagnostic categories out of the 14 possibilities was calculated for each subject over their lifetime and served as the first major independent variable. The type of diagnostic category served as the second major independent variable. A single individual could have been assigned multiple psychiatric diagnoses that reflected several broad diagnostic categories.
Mortality Outcome
In 2007, information on mortality and the causes of death was obtained from the Danish Cause of Death Registry, which classifies death according to the ICD. Mortalityrelated variables, such as the date of death and whether the subjects died from natural or unnatural causes, were extracted from the public record for each patient-subject who was deceased by 2007.
Data Analysis
All analyses were performed with SAS, version 9.2 (SAS Institute Inc, Cary, NC), statistical analytical software. Descriptive statistics were used to compare mortality rates of subjects aged 45 years for the psychiatrically hospitalized subjects, relative to the total cohort, by diagnostic category and sex. Chi-square analysis and unconditional logistic regression modelling were used to compare the relation between the number of diagnostic categories and early mortality in the psychiatrically hospitalized patients by diagnostic category and sex. Cox regression analysis was used to examine the relation between mortality rate and the number of psychiatric comorbidities, while adjusting for the effects of social class and sex. Patients possessing a psychiatric diagnosis in only one diagnostic category, with no additional psychiatric comorbidities, were used to calculate a base rate for each diagnostic category. Unconditional logistic regression modelling was used to examine the relation between the base rate (per cent change) and the number of psychiatric comorbidities by diagnostic category. Wald chi-square test statistic, P values, and odd ratios were calculated for all regression analyses.
Results

Mortality Rates in the Overall Birth Cohort
There were 415 recorded deaths among the 8109 Danish birth cohort members by the age of 45 years, corresponding to an overall mortality rate of about 5%. Twice as many deaths were observed among males (n = 277; 6.7%), compared with females (n = 138; 3.3%). The average age at death was 33.1 years (SD 10.2): 32.7 years (SD 9.7) for males and 34.0 years (SD 11.0) for females (r = -0.74; P < 0.001). Causes of death for the overall cohort were categorized into 4 groups: 54% were considered natural deaths, 31% were considered unnatural, and 8% were attributable to suicide, and 7% were undetermined.
Early Mortality of Hospitalized Psychiatric Patients
At least 1 psychiatric admission was recorded for 1247 subjects of the original 8109 birth cohort (n = 614 or 49% males and n = 633 or 51% females). There were 157 deaths (12%) by age 45 years reported among the hospitalized psychiatric patients (n = 99 or 63% males and n = 58 or 37% females). The mortality rate of hospitalized psychiatric patients was significantly higher than the rate observed among the nonpsychiatrically hospitalized subjects (χ 2 = 154.1, df = 1, P < 0.001). The relative proportion of male-to-female deaths among those hospitalized in a psychiatric unit resembled the relative proportion of deaths observed among male and female subjects that were never psychiatrically hospitalized. The average age of death for the psychiatrically hospitalized group was 36.2 years (SD 7.8): 35.6 years for males and 37.2 years for females. Men were significantly more likely to die than women (χ 2 = 44.6, df = 1, P < 0.001). Nonpsychiatrically hospitalized subjects had a younger overall age of mortality. This differential can be attributed to a larger proportion of deaths among children and adolescents (aged 19 years or younger for the nonpsychiatric sample), compared with the psychiatric sample. Causes of death in the psychiatrically hospitalized patients were also categorized into 3 groups: 42% were considered natural deaths, 32% were deemed unnatural deaths, and 22% of the deaths were attributed to suicide. The cause of death was undetermined for the remaining 4%.
Early Mortality as a Function of the Number of Psychiatric Diagnostic Categories
The amount of psychiatric comorbidity in this hospitalized sample was exceptionally high. The mean number of psychiatric diagnostic categories for the entire patient population was 2.06 (SD 1.47); 52% of the patients were assigned to 2 or more different diagnostic categories. As expected, there was a significant correlation between the number of diagnostic categories assigned to each subject and the number of hospital admissions (r = 0.52, P = 0.001).
The mean number of comorbid psychiatric categories observed among the deceased psychiatric patients was 2.37 (SD 1.14), which is significantly greater (F = 26.48, df = 1/1235, P < 0.001) than the mean number of comorbid conditions found among the surviving psychiatric patients (mean 1.89, SD 1.07). Figure 1 shows the relation between the 45-year mortality rate and the number of co-occurring diagnostic categories. A linear increase in the risk of early mortality is observed as a function of an increasing number of co-occurring diagnostic categories for the total psychiatric group (Wald χ 2 = 25.0, df = 1, P < 0.001). Mortality rates ranged from a low of 8% for patients with only a single psychiatric diagnosis to 21% for those with diagnoses that represented 4 or more co-occurring psychiatric categories. Similar increases in premature mortality with increasing number of diagnostic categories was noted both for males (Wald χ 2 = 15.9, df = 3, P < 0.001) and for females (Wald χ 2 = 10.3, df = 3, P < 0.016). The relation between premature death and the number of comorbid psychiatric diagnostic categories was not differentially influenced by sex. A Cox regression model of the effect of the number of comorbid categories on mortality, controlling for sex and social class, was significant (Wald χ 2 = 26.2, df = 3, P < 0.001). The main effect of comorbidity was also significant (Wald χ 2 = 12.4, df = 1, P < 0.004), yielding a hazard ratio of 1.32. Figure 2 shows the survival function for psychiatric patients as a function of the number of co-occurring diagnostic categories. This figure shows a stepwise leftward shift of the survival curve with each additional comorbid category. The effects of comorbidity on mortality appear to plateau at 3 or more comorbid diagnostic categories. 
Early Mortality by Psychiatric Diagnostic Category
The relation between early mortality and the number of co-occurring psychiatric diagnoses associated with the major psychiatric diagnostic categories is shown separately in Table 2 . Patients with each of the major disorders, such as schizophrenia, were isolated, and the relation between early mortality and the number of comorbid psychiatric illnesses in that category was determined. As a result, the groups identified in Table 2 are not mutually exclusive. The highest rates of premature death were observed in patients with an organic brain disorder (31%), substance abuse (29%), schizophrenia (23%), and alcoholism (20%). The total number of deaths for somatoform disorder (n = 0), eating disorder (n = 1), mental retardation (n = 6), dissocial personality disorder (n = 6), unstable personality disorder (n = 5), and developmental disorder (n = 3) were too low to be statistically analyzed, hence no independent data are shown for these broad categories. As noted, the number of comorbid psychiatric categories was associated with a significantly increased risk of early mortality among patients diagnosed with anxiety disorders (Wald χ 2 = 25.1, df = 1, P < 0.001), personality disorders (Wald χ 2 = 10.7, df = 1, P < 0.001), other disorders (Wald χ 2 = 8.8, df = 1, P < 0.003), and alcoholism (Wald χ 2 = 3.8, df = 1, P < 0.05). The rate of early mortality for patients with anxiety disorders ranged from 3% for those with no co-occurring categories The base rate is defined as the number of people in a given diagnostic category who present with no additional comorbid psychiatric diagnoses.
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Figure 3 Per cent change from base rate of psychiatric illness by number of additional diagnostic categories
were typically elevated among the psychiatric patients, but this effect alone did not account for the observed global increase in mortality associated with all causes. The elevated risk of death in the psychiatric population is consistent with previous studies, but currently there is no clear understanding of the basis for this increase in risk. Psychiatric patients may suffer from a reduced ability to care for basic individual needs, including lack of proper nutrition, inappropriate use or abuse of drugs and (or) medications, or increased rates of accidents.
In our study, mortality by age 45 years in psychiatric patients was found to be associated with the number of comorbid psychiatric syndromes accumulated during their lifetime, which was exceptionally high in this sample, with 50% or more patients assigned to 2 or more diagnostic categories. Patients diagnosed with 4 or more co-occurring lifetime psychiatric diagnoses were at 3-times greater risk of death (21%) than patients diagnosed with only 1 disorder (8%). The rate of early mortality was comparable in male and female psychiatric patients, even though male patients were more likely to die prematurely than female patients at all levels of comorbidity. These findings suggest that the number of co-occurring psychiatric problems in psychiatrically hospitalized patients directly influences their risk of death. To our knowledge, this is the first report to demonstrate any association between the number of psychiatric diagnoses accumulated over the lifetime and early mortality. This finding has important implications for both the assessment of psychiatric severity of illness as well as the determination of treatment course. The data suggest that a progressively more aggressive treatment strategy may be necessary as the number of comorbid psychiatric illnesses increase to offset the increased risk of early death.
The effect of psychiatric comorbidity on early mortality was also strongly dependent on the category of psychiatric diagnosis selected for observation. A systematic relation was observed between the amount of psychiatric comorbidity and premature death for patients with the diagnoses of anxiety disorder, personality disorder, alcohol use to 19% among those with 4 or more categories (3 or more additional categories). In these people, the risk of early mortality about doubled with each additional comorbid category (OR 2.0; 95% CI 1.5 to 2.6). Similarly, the rate of early mortality for patients diagnosed with a personality disorder ranged from 5% for those with no co-occurring categories to 22% among those with 4 or more categories. This equated to an about 60% increase in the risk of early mortality with each additional comorbidity category (OR 1.6; 95% CI 1.2 to 2.1). The rate of early mortality for patients with alcoholism ranged from 15% for those with no co-occurring categories to 25% among those with 4 or more categories, which was equivalent to a 30% increase in risk with each additional syndrome (OR 1.3; 95% CI 0.99 to 1.6). The above results held true after controlling for the effects of sex. In contrast, no significant relation was observed between early mortality and the number of cooccurring diagnostic categories in patients diagnosed with organic brain disease, substance abuse, or schizophrenia, where the rates of early mortality were high, even among patients with no co-occurring psychiatric diagnoses (that is, the base rates were high). The relation between early mortality and the number of comorbid categories by the major diagnostic categories is graphically illustrated in Figure 3 .
Discussion
Similar to previous reports, this 45-year study of a large Danish birth cohort found that people hospitalized for psychiatric illnesses were more likely to die earlier than people never hospitalized in a psychiatric facility (12% of psychiatric patients, compared with 5% of nonhospitalized subjects). Men were twice as likely to die an earlier death as women, in both the patient and the nonpatient groups. The increase in mortality rate observed among psychiatric patients in our study is attributable to an increase in deaths occurring from all causes, natural and nonnatural. There was a proportional increase in the frequency both of natural and of unnatural deaths among the psychiatric sample as well as among the nonpsychiatric group. Suicide rates disorder, and other disorder. Patients diagnosed with these disorders showed a generally low rate of mortality among those with no additional comorbid psychiatric diagnoses. This low base rate in mortality increased progressively with additional comorbid categories. Conversely, certain categories of psychiatric diagnoses were associated with an especially elevated risk of early mortality, even among patients with no additional comorbid diagnoses. Patients diagnosed with organic brain disease, substance use disorder, or schizophrenia had an intrinsically high risk for early mortality, and the addition of co-occurring psychiatric comorbidities did not elevate the risk any further. There was a general tendency for mortality rates in all of the diagnostic categories to converge at a maximum value of about 30%, which suggests the presence of a ceiling effect of psychiatric comorbidity on premature mortality. These findings suggest that both the number and the type of psychiatric diagnoses are important considerations when assessing the risk of early mortality among hospitalized psychiatric patients.
The use of a Danish birth cohort is a major strength of this study because of the large number of cohort members and the long duration of follow-up. The sample is also taken from a genetically and culturally homogenous population of Copenhagen, Denmark. The cohort represents a slightly lower socioeconomic class than the general Danish population, and may show some elevation in their risk for health problems. This could create a selection bias toward patients with psychiatric diagnoses who also have a physical illness and hence an increased risk of early mortality. Lower social class could also increase the likelihood of diagnosis in multiple comorbid psychiatric categories. However, the association between mortality rate and the number of comorbid syndromes was retained, even after controlling for the effects of social class and sex (data not shown). Further, the socialized medical care system in Denmark would be expected to partly compensate for any limitations associated with social class because of the high access to psychiatric treatment and general medical care in Denmark.
Conclusion
Our study is the first to demonstrate a systematic relation between early mortality in psychiatric patients and the number of co-occurring psychiatric diagnoses. The findings of the study suggest that more aggressive medical and psychiatric treatment strategies may be warranted for people who suffer from psychiatric disorders, where the base mortality rates are especially high, such as organic brain syndrome, schizophrenia, and substance abuse. Our findings also suggest that hospitalized patients who carry a single diagnosis of anxiety disorder, personality disorder, or alcoholism face a relatively low intrinsic risk of early mortality. However, the risk of early death increases progressively with the addition of each subsequent comorbid category. Based on this finding, it would appear that an intensive follow-up treatment strategy needs to be adopted for certain hospitalized patients who also suffer from other co-occurring psychiatric illnesses.
